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(57) ABSTRACT

A control information processing method, a base station, and
a terminal are provided. A base station determines jointly
encoded control information for an uplink subirame, where
the jointly encoded control information 1s control informa-
tion obtained by jointly encoding first control information
and second control information; and the base station sends
the jointly encoded control information. A terminal receives
joimtly encoded control information sent by a base station,
where the jointly encoded control information 1s for an
uplink subfirame, and 1s control information obtained by
jomtly encoding first control information and second control
information; and the terminal performs clear channel assess-
ment CCA based on the jointly encoded control information,
and occupies, after finishing the CCA, the uplink subirame
to send a signal. According to the present invention, control
signaling overheads can be reduced.
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CONTROL INFORMATION PROCESSING
METHOD, BASE STATION, AND TERMINAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of International Appli-
cation No. PCT/CN2016/081462, filed on May 9, 2016, the
disclosure of which 1s hereby incorporated by reference 1n
its entirety.

TECHNICAL FIELD

Embodiments of the present invention relate to the field of
communications technologies, and in particular, to a control

information processing method, a base station, and a termi-
nal.

BACKGROUND

With development of communications technologies, a
licensed-assisted access using Long Term Evolution (LAA-
LTE) system may carry some data services by using an
unlicensed spectrum.

Data transmission performed by the LAA-LTE on the
unlicensed spectrum encounters co-channel interference
from different operators and different wireless communica-
tions standards, for example, co-channel interference from a
Wireless Fidelity (WiF1) system. To avoid severe impact of
co-channel interference on transmission performance, the
LAA-LTE system usually detects a communication channel
through clear channel assessment (CCA) by using a listen
betore talk (LBT) channel access mechanism.

Currently, uplink transmission of the LAA-LTE system 1s
finished by a base station through scheduling. A terminal
sends uplink information 1mn a scheduled uplink subirame
based on control information used by the base station to
schedule the terminal to send an uplink subirame. Before
sending the uplink information, the terminal may perform
LBT, or may not perform LBT. If the terminal performs the
LBT, the terminal may perform single timeslot-based CCA
or random backofl-based CCA.

To reduce an LBT waiting time of the terminal for uplink
transmission, the terminal may not need to perform the
random backofil-based CCA within a maximum channel
occupancy time (MCOT) mitiated by the base station, but
performs the single timeslot-based CCA. If 1t 1s detected that
a channel 1s 1dle, an uplink channel 1s accessed. The random
backoii-based CCA needs to be performed for an uplink
subirame falling beyond a range of the MCOT. A length of
the MCOT mitiated by the base station varies with a
downlink service type, and ranges from 2 ms to 10 ms. The
MCOT 1s mitiated by the base station, and the terminal does
not know a starting time of the MCQOT and the length of the
MCOT. Therefore, an easy-to-implement method {for
enabling the terminal to determine a type of the CCA and a
length of the uplink subiframe 1s that the base station
separately notifies the terminal of the type of the CCA and
a starting time of the uplink subirame.

An mdication state used when the base station notifies the
terminal of the starting time of the uplink subirame includes
0, 16 us, 25 us, or 1 symbol. O represents that the LBT does
not need to be performed, and the terminal (e.g., a user
equipment (UE)) occupies a first symbol of the uplink
subirame. 16 us represents that the UE does not need to
perform the LBT, spares the first 16 us of the first symbol of
the uplink subirame, and occupies a part of the first symbol
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2

after the 16 us of the first symbol and remaining symbols
after the first symbol to send the uplink information. 25 us

represents that the UE spares the first 25 us of the first
symbol of the uplink subirame, performs the single timeslot-
based CCA within the 25 ps, and if the LBT succeeds,
occupies the second half of the first symbol and remaining
symbols after the first symbol to send the uplink informa-
tion. 1 symbol represents that the UE spares the first symbol
of the uplink subirame, performs the random backoil-based
CCA within the 1 symbol, and 1f the LBT succeeds, occupies
remaining symbols after the first symbol to send the uplink
information. If the base station separately notifies the ter-
minal of the starting time of the uplink subiframe and the
type of the CCA at the same time, the base station adds all
combinations of the type of the CCA and the indication state
for the starting time of the uplink subiframe to indication
information. Because matching between 16 us and the single
timeslot-based CCA, matching between 16 us and the ran-
dom backoff-based CCA, and matching between 25 us and
the random backoil-based CCA do not occur, redundancy
occurs 1n the indication information, and consequently con-
trol signaling overheads are increased.

SUMMARY

Embodiments of the present invention provide a control
information processing method, a base station, and a termi-
nal, so as to reduce control signaling overheads.

According to a first aspect, a control information process-
ing method 1s provided. In the method, a base station sends
jomtly encoded control information after using a joint
encoding manner to jointly encode different control infor-
mation used to perform different scheduling on a terminal,
so as to avoid a problem of control signaling overheads
caused by separately sending the diflerent control informa-
tion, and reduce control signaling overheads.

In a possible design, the base station determines and sends
jointly encoded control information for an uplink subirame,
where the jointly encoded control immformation i1s control
information obtained by jointly encoding first control infor-
mation and second control information. The terminal
receives the jointly encoded control information, performs
clear channel assessment CCA based on the jointly encoded
control information, and occupies, after finishing the CCA,
the uplink subirame to send a signal, so as to reduce control
signaling overheads.

In this embodiment of the present mmvention, message
content indicated by the first control information and mes-
sage content indicated by the second control information
may not overlap, but have an association relationship.

In a possible implementation, a type of the CCA and a
listening parameter of random backoil-based CCA may be
jointly encoded. When the type of the CCA and the listening
parameter of the random backofi-based CCA are jointly
encoded, the first control information includes the type of
the clear channel assessment CCA to-be-performed by the
terminal 1n the uplink subirame, and the second control
information includes the listening parameter of the random
backofl-based CCA to-be-performed by the terminal. The
listening parameter of the random backofl-based CCA
includes a contention window size CW S or a backoll counter
initial value.

Specifically, jointly encoded first control information and
second control information i1s used to indicate one of the
following situations: the first control information instructs
the terminal to perform single timeslot-based CCA for the
uplink subirame, and the second control information 1s null;
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and the first control information instructs the terminal to
perform the random backofl-based CCA for the uplink
subframe, and the second control information indicates the
listening parameter of the random backoil-based CCA.

Further, jointly encoded first control information and
second control information i1s used to further indicate the
tollowing situation: the first control information instructs the
terminal to skip performing listen before talk LBT, and
occupies the uplink subframe to send a signal, and the
second control information 1s null.

In another possible implementation, a starting time for
sending a signal in the uplink subirame and the type of the
CCA to-be-performed by the terminal may be jointly
encoded. When the starting time for sending a signal in the
uplink subirame and the type of the clear channel assess-
ment CCA to-be-performed by the terminal are jointly
encoded, the first control information includes the starting
time when the terminal starts to send a signal 1n the uplink
subframe, and the second control information includes the
type of the CCA to-be-performed by the terminal.

Specifically, jointly encoded first control information and
second control information 1s used to indicate one of the
following situations:

the first control information indicates that the starting time
when the terminal starts to send a signal in the uplink
subirame 1s aiter a starting time of the uplink subframe, and
an interval between the starting time for Sendmg a signal and
the starting time of the uplink subirame 1s a first time; and
the second control information instructs the terminal to
perform single timeslot-based CCA before the starting time
for sending a signal;

the first control information indicates that the starting time
when the terminal starts to send a signal in the uplink
subirame 1s after a starting time of the uplink subirame, and
an interval between the starting time for sending a signal and
the starting time of the uplink subirame 1s a second time; and
the second control information instructs the terminal to
perform random backoii-based CCA before the starting time
for sending a signal;

the first control information indicates that the starting time
when the terminal starts to send a signal in the uplink
subframe 1s the same as a starting time of the uplink
subframe, and the second control information instructs the
terminal to perform single timeslot-based CCA before the
starting time for sending a signal; and the first control
information indicates that the starting time when the termi-
nal starts to send a signal 1n the uplink subirame 1s the same
as a starting time of the uplink subirame, and the second
control information instructs the terminal to perform random
backoti-based CCA before the starting time for sending a
signal.

Further, jointly encoded first control information and
second control information i1s used to further indicate the
following situation:

the first control information indicates that the starting time
when the terminal starts to send a signal in the uplink
subirame 1s aiter a starting time of the uplink subframe, and
an interval between the starting time for sending a signal and
the starting time of the uplink subirame 1s a third time; and
the second control information instructs the terminal to skip
performing listen before talk LBT, and occupies the uplink
subirame to send a signal.

In still another possible implementation, the starting time
for sending a signal in the uplink subirame, the type of the
CCA, and the listening parameter of the random backofl-
based CCA may be jointly encoded. When the starting time
for sending a signal in the uplink subirame, the type of the
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4

CCA, and the listening parameter of the random backofl-
based CCA are jointly encoded, the first control information
includes the starting time when the terminal starts to send a
signal 1n the uplink subframe, and the second control infor-
mation includes the type of the clear channel assessment
CCA to-be-performed by the terminal and the listening
parameter of the random backofil-based CCA to-be-per-
formed by the terminal. The listening parameter of the
random backoil-based CCA includes the contention window
s1ze (CWS) or the backoll counter 1nitial value.

Specifically, jointly encoded first control information and
second control information i1s used to indicate one of the
following situations:

the first control information indicates that the starting time
when the terminal starts to send a signal in the uplink
subirame 1s after a starting time of the uplink subframe, and
an 1nterval between the starting time for sending a signal and
the starting time of the uplink subirame i1s a fourth time; and
the second control information instructs the terminal to
perform single timeslot-based CCA before the starting time
for sending a signal;

the first control information indicates that the starting time
when the terminal starts to send a signal in the uplink
subirame 1s after a starting time of the uplink subirame, and
an 1nterval between the starting time for sending a signal and
the starting time of the uplink subirame 1s a fifth time; and
the second control information instructs the terminal to
perform the random backoil-based CCA before the starting
time for sending a signal, and indicates the listening param-
eter of the random backofl-based CCA;

the first control information indicates that the starting time
when the terminal starts to send a signal in the uplink
subiframe 1s the same as a starting time of the uplink
subiframe, and the second control information instructs the
terminal to perform single timeslot-based CCA before the
starting time for sending a signal; and

the first control information indicates that the starting time
when the terminal starts to send a signal in the uplink
subiframe 1s the same as a starting time ol the uplink
subframe, and the second control information instructs the
terminal to perform the random backoil-based CCA before
the starting time for sending a signal, and indicates the
listening parameter of the random backoii-based CCA.

In this embodiment of the present invention, the jointly
encoded control information is sent, so that a problem that

the type of the CCA to-be-performed by the terminal cannot
be explicitly indicated 1n some scenarios when the starting
time of the uplink subirame or the type of the CCA 1s
separately notified can be resolved.

Further, jointly encoded first control information and
second control information i1s used to further indicate the
following situation: the first control information indicates
that the starting time when the terminal starts to send a signal
in the uplink subirame 1s after a starting time of the uplink
subframe, and an 1nterval between the starting time for
sending a signal and the starting time of the uplink subirame
1s a sixth time; and the second control information 1nstructs
the terminal to skip performing listen before talk LBT, and
occupies the uplink subiframe to send a signal, and message
content of the listening parameter of the random backofl-
based CCA 1s null.

In another possible design, 1t the first control information
indicates that the starting time when the terminal starts to
send a signal in the uplink subframe 1s the same as the
starting time of the uplink subframe, and the second control
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information mstructs the terminal to perform the single
timeslot-based CCA belore the starting time for sending a
signal,

if the terminal occupies a channel before the starting time
of the uplink subirame to send a signal until the starting time
of the uplink subirame, the terminal sends a signal at the
starting time of the uplink subirame; or 11 the terminal does
not occupy a channel before the starting time of the uplink
subirame to send a signal until the starting time of the uplink
subirame, the terminal performs the single timeslot-based
CCA before the starting time of the uplink subframe, and
when LBT succeeds, sends a signal at the starting time of the
uplink subirame.

In another possible design, 11 the first control information
indicates that the starting time when the terminal starts to
send a signal in the uplink subframe 1s the same as the
starting time of the uplink subirame, and the second control
information instructs the terminal to perform the random
backoii-based CCA before the starting time for sending a
signal,

if the terminal occupies a channel before the starting time
of the uplink subirame to send a signal until the starting time
of the uplink subirame, the terminal sends a signal at the
starting time of the uplink subirame; or 11 the terminal does
not occupy a channel before the starting time of the uplink
subirame to send a signal until the starting time of the uplink
subirame, the terminal performs the random backoii-based
CCA betore the starting time of the uplink subirame, and
when LBT succeeds, sends a signal at the starting time of the
uplink subirame.

In another possible design, 11 the first control information
indicates that the starting time when the terminal starts to
send a signal in the uplink subframe 1s the same as the
starting time of the uplink subirame, and the second control
information instructs the terminal to perform the single
timeslot-based CCA before the starting time for sending a
signal,

if the terminal occupies a channel before the starting time
of the uplink subirame to send a signal until the starting time
of the uplink subirame, the terminal sends a signal at the
starting time of the uplink subirame; or 1f the terminal does
not occupy a channel before the starting time of the uplink
subirame to send a signal until the starting time of the uplink
subirame, the terminal performs the single timeslot-based
CCA before the starting time of the uplink subframe, and
when LBT succeeds, sends a signal at the starting time of the
uplink subirame.

In another possible design, 11 the first control information
indicates that the starting time when the terminal starts to
send a signal in the uplink subiframe 1s the same as the
starting time of the uplink subirame, and the second control
information instructs the terminal to perform the random
backoti-based CCA before the starting time for sending a
signal, and indicates the listening parameter of the random
backofl-based CCA,

if the terminal occupies a channel before the starting time
of the uplink subframe to send a signal until the starting time
of the uplink subirame, the terminal sends a signal at the
starting time of the uplink subirame; or 1f the terminal does
not occupy a channel before the starting time of the uplink
subirame to send a signal until the starting time of the uplink
subirame, the terminal performs the random backoil-based
CCA before the starting time of the uplink subframe, and
when LBT succeeds, sends a signal at the starting time of the
uplink subirame.

In this embodiment of the present invention, a terminal
behavior that cannot occur 1n a combination of at least two

10

15

20

25

30

35

40

45

50

55

60

65

6

pieces ol control iformation i1s removed from the jointly
encoded control information, so as to avoid signaling redun-
dancy caused by separately notitying the terminal of the at
least two pieces of control information at the same time, and
improve control information transmaission etliciency.

According to a second aspect, a base station 1s provided.
The base station has a function of implementing the base
station 1n the foregoing method design, and the function may
be implemented by hardware, or may be implemented by
hardware by executing corresponding soitware. The hard-
ware or the software includes one or more modules corre-
sponding to the function. The module may be software
and/or hardware.

In a possible design, the base station includes a processing,
unmit and a sending unit. The processing unit 1s configured to
determine jointly encoded control information for an uplink
subirame, where the jointly encoded control information 1s
control information obtained by jointly encoding first con-
trol information and second control information. The send-
ing unit 1s configured to send the jointly encoded control
information determined by the processing unit.

In another possible design, the base station includes a
processor and a transmitter. The processor 1s configured to
support the base station in mmplementing corresponding
functions 1n the foregoing method. The processor 1s config-
ured to determine jointly encoded control information for an
uplink subframe. The transmitter 1s configured to have the
capability to send the jointly encoded control information, to
support communication with a terminal. The base station
may further include a memory, where the memory 1s con-
figured to couple to the processor and store a program
istruction and data that are necessary for the base station.

According to a third aspect, a terminal 1s provided. The
terminal has a function of implementing the terminal in the
foregoing method design, and the function may be 1mple-
mented by hardware, or may be implemented by hardware
by executing corresponding soitware. The hardware or the
software includes one or more modules corresponding to the
function. The module may be software and/or hardware.

In a possible design, the terminal includes a receiving
unit, a processing unit, and a sending unit. The recerving unit
1s configured to receive jointly encoded control information
sent by a base station, where the jointly encoded control
information 1s for an uplink subirame, and 1s control infor-
mation obtained by jointly encoding first control informa-
tion and second control information. The processing unit 1s
configured to perform clear channel assessment CCA based
on the jointly encoded control information. The sending unit
1s configured to occupy, aiter the processing unit finishes the
CCA, the uplink subirame to send a signal.

In another possible design, the terminal includes a
receiver, a processor, and a transmitter. The processor 1s
configured to support the terminal in 1implementing corre-
sponding functions in the foregoing method. The receiver 1s
configured to have the capability to receive jointly encoded
control information sent by a base station. The transmaitter 1s
configured to have the capability to transmit a signal. The
terminal may further include a memory, where the memory
1s configured to couple to the processor and store a program
instruction and data that are necessary for the terminal.

According to the control information processing method,
the base station, and the terminal provided in the embodi-
ments of the present imnvention, the base station sends the
jomtly encoded control mmformation after using the joint
encoding manner to jointly encode different control infor-
mation. After receiving the jointly encoded control infor-
mation, the terminal performs the CCA based on the jointly
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encoded control information, and sends a signal 1n the uplink
subirame, so as to avoid signaling redundancy caused by
separately notifying the terminal of at least two pieces of
control information at the same time, and improve control
information transmission efficiency.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a flowchart of implementing a control informa-
tion processing method according to an embodiment of the
present invention;

FIG. 2 1s a schematic diagram of indicating jointly
encoded control information by a base station according to
an embodiment of the present invention;

FIG. 3 1s another schematic diagram of indicating jointly
encoded control information by a base station according to
an embodiment of the present invention;

FIG. 4 1s a schematic diagram that a listening gap 1s
reserved 1n a previous subiframe according to an embodi-
ment of the present invention;

FIG. § 1s a schematic diagram that a type of LBT for a
previous subirame i1s missing according to an embodiment
of the present invention;

FIG. 6 1s a schematic structural diagram of a base station
according to an embodiment of the present invention;

FIG. 7 1s another schematic structural diagram of a base
station according to an embodiment of the present invention;

FIG. 8 1s a schematic structural diagram of a terminal
according to an embodiment of the present invention; and

FIG. 9 1s another schematic structural diagram of a
terminal according to an embodiment of the present inven-
tion.

DESCRIPTION OF EMBODIMENTS

The following describes the technical solutions 1n the
embodiments of the present invention 1n detail with refer-
ence to the accompanying drawings in the embodiments of
the present invention.

A control information processing method, a base station,
and a terminal provided in the embodiments of the present
invention may be applied to a wireless communications
system operating on an unlicensed spectrum, for example,
an LAA-LTE communications system or an enhanced
licensed-assisted access (eLAA) communications system.
The base station 1 the wireless communications system
sends downlink information on the unlicensed spectrum, and
the terminal 1 the wireless communications system sends
uplink information on the unlicensed spectrum. The terminal
sends the uplink information on the unlicensed spectrum
based on scheduling of the base station. Specifically, the
base station sends, in a downlink subframe, control infor-
mation used to schedule the terminal to send the uplink
information, and the terminal receives the control informa-
tion, and sends the uplink information 1n a scheduled uplink
subirame based on the control information. To 1mplement
friendly inter-system coexistence on the unlicensed spec-
trum, the terminal may perform LBT before sending the
uplink information. For example, the terminal may perform
single timeslot-based CCA or random backofl-based CCA
based on the control information sent by the base station.
Certainly, the terminal may alternatively skip performing
LBT, and directly occupies the uplink subirame to send the
uplink information.

An 1mplementation process ol performing the single
timeslot-based CCA by the termunal 1s as follows: The
terminal performs single timeslot-based CCA listeming. For
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example, a timeslot length of the single timeslot 1s 25 us, 34
us, or 43 us. If 1t 1s detected, by performing the single
timeslot-based CCA, that a channel 1s 1dle, the terminal may
immediately access the channel. Further, if 1t 1s detected, by
performing the single timeslot-based CCA, that the channel
1s busy, the terminal may immediately enter a next CCA
timeslot until the channel 1s 1dle. Alternatively, the terminal
may abandon sending the information, and perform next
single timeslot-based CCA listening before a next scheduled
uplink subirame.

An 1mmplementation process ol performing the random
backoil-based CCA by the terminal 1s as follows: A wireless
communications device evenly and randomly generates a
backofl counter N between 0 and a contention window size
(CWS), and performs listening by using an extended CCA
(ECCA) timeslot as a granulanity. Within the ECCA
timeslot, 1f 1t 1s detected that a channel 1s 1dle, the backoft
counter 1s reduced by 1; 1f 1t 1s detected that the channel 1s
busy, the backoll counter 1s suspended, that 1s, the backoil
counter N remains unchanged within a time during which
the channel 1s busy, until 1t 1s detected that the channel 1s
1dle. When the backofl counter 1s reduced to 0, the terminal
may immediately occupy the channel. The CWS may be
dynamically adjusted within a set, and a typical value of the
CWS 1s, for example, 3 or 7. A typical value of a random
backoil-based CCA timeslot 1s, for example, 9 us.

In the embodiments of the present invention, the terminal
may determine, 1n the following manner, whether the chan-
nel 1s 1dle or busy: The terminal compares channel power
received within a CCA timeslot or an ECCA timeslot with an
energy detection threshold, and 11 the power 1s higher than
the threshold, determines that the channel 1s busy, or if the
power 1s lower than the threshold, determines that the
channel 1s 1dle.

To reduce signaling overheads of sending the control
information by the base station, the embodiments of the
present mvention provide a control information processing
method. In the method, the base station sends jointly
encoded control mmformation after using a joint encoding
manner to jointly encode diflerent control information used
to perform different scheduling on the terminal, so as to
avoild a problem of control signaling overheads caused by
separately sending the different control information, and
reduce control signaling overheads.

It should be noted that 1n the embodiments of the present
invention, the base station may be a macro base station (e.g.
Macro eNB), a remote radio head (RRH), a micro base
station (e.g. Pico eNB), a home base station (e.g. Home
cNodeB (HeNB)), a relay node (RN), an access point (AP),
or the like. The terminal may be a handheld device, an
in-vehicle device, a wearable device, or a computing device
that has a wireless communication function; another pro-
cessing device connected to a wireless modem; or user
equipment (UE), a mobile station (MS), a terminal device,
or the like 1n various forms.

FIG. 1 1s a flowchart of implementing a control informa-
tion processing method according to an embodiment of the
present invention. As shown in FIG. 1, the method includes
the following steps.

S101. A base station determines jointly encoded control
information obtained by jointly encoding first control infor-
mation and second control information.

In this embodiment of the present invention, information
content indicated by the first control information 1s different
from information content indicated by the second control
information. Therefore, jointly encoded control information
obtained by jointly encoding different control information
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indicating different information content may be used to
indicate that a terminal performs operation behaviors cor-
responding to more than one piece of message content.

In this embodiment of the present invention, the jointly
encoded control information may be indicated by different
indicator bits, and includes different indication states. The
indicator bit may be a bit or a g-nary symbol bit, the
indication state 1s an indicator bit having a state value, and
different state values of the indicator bit correspondingly
indicate diflerent message content. For example, four state
values “007, “017, “10”, and “11” included 1n two bits may
indicate four diflerent pieces of message content.

It may be understood that in this embodiment of the
present invention, the jointly encoded control information
may be used to indicate that the terminal performs more than
one operation behavior. Therefore, a terminal operation
behavior indicated by an indication state of the jointly
encoded control information may be one operation behavior,
or may be a plurality of operation behaviors. In this embodi-
ment of the present invention, the jointly encoded control
information includes at least an indication state indicating a
plurality of operation behaviors of the terminal. For
example, terminal operation behaviors that may be indicated
by different state values of an indicator bit including two bits
may be as follows: ‘00" indicates that a starting time when
UE starts to send a signal 1n an uplink subframe 1s 25 us+,
and the UE performs single timeslot-based CCA before the
starting time for sending a signal; ‘01’ indicates that a
starting time when UE starts to send a signal 1in an uplink
subirame 1s 1 symbol+ (that 1s, a signal 1s not sent on a first
symbol of the uplink subirame, but starts to be sent on a
second symbol), and the UE performs random backoil-based
CCA; ‘10’ indicates that a starting time when UE starts to
send a signal 1n an uplink subframe 1s O us+(that 1s, a signal
starts to be sent at a starting time of the uplink subirame),
and the UE performs single timeslot-based CCA before the
starting time for sending a signal; ‘11" indicates that a
starting time when UE starts to send a signal in an uplink
subirame 1s 0 us+(that 1s, a signal starts to be sent at a
starting time of the uplink subirame), and the UE performs
random backoil-based CCA before the starting time for
sending a signal. In this case, each of the state values of the
indicator bit ‘00°, <017, °10°, and 11’ instructs the terminal
to perform two operation behaviors. ‘00’ or *10° indicates the
starting time of the uplink subirame and the type of the CCA
to-be-performed by the terminal: the single timeslot-based
CCA; ‘01’ or °11° indicates the starting time of the uplink
subirame and the type of the CCA to-be-performed by the
terminal: the random backofl-based CCA. Further, the
jointly encoded control information includes an indication
state indicating M operation behaviors of the terminal and an
indication state indicating N operation behaviors of the
terminal, and M 1s not equal to N. For example, terminal
operation behaviors that may be indicated by diflerent state
values of an mdicator bit including two bits may be as
follows: ‘00° 1nstructs the terminal to perform single
timeslot-based CCA. In this case, ‘00’ instructs the terminal
to perform one operation behavior, that 1s, instructs the
terminal to perform the single timeslot-based CCA. ‘01’
instructs the terminal to perform random backofl-based, and
a CWS 1s 3; and ‘10° instructs the terminal to perform
random backofl-based CCA, and a CWS 1s 7. In this case,
‘01” or ‘10’ mstructs the terminal to perform two operation
behaviors, that 1s, indicates the type of the CCA to-be-
performed by the terminal: the random backoil-based CCA
and the value of the CWS of the random backofl-based CCA

to-be-performed by the terminal. Alternatively, for example,
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terminal operation behaviors that may be indicated by
different state values of an indicator bit including three bits
may be as follows: ‘000’ indicates that a starting time when
UE starts to send a signal 1n an uplink subframe 1s 25 us+,
and the UE performs single timeslot-based CCA belore the
starting time for sending a signal; ‘001’ indicates that a
starting time when UE starts to send a signal in an uplink
subiframe 1s 1 symbol+, the UE performs random backoil-
based CCA, and a CWS 1s 3; ‘010 indicates that a starting

time when UE starts to send a signal in an uplink subirame
1s 1 symbol+, the UE performs random backofil-based CCA,

and a CWS 1s 7; ‘011 indicates that a starting time when UE
starts to send a signal 1n an uplink subframe 1s O us+, and the
UE performs single timeslot-based CCA before the starting
time for sending a signal; ‘100’ indicates that a starting time
when UE starts to send a signal 1n an uplink subframe 1s O
us+, the UE performs random backofl-based CCA, and a
CWS 1s 3; ‘101 indicates that a starting time when UE starts

to send a signal in an uplink subframe 1s 0 us+, the UE
performs random backofi-based CCA, and a CWS 1s 7. In

this case, ‘000" or ‘011’ 1nstructs the terminal to perform two
operation behaviors, that 1s, indicates the starting time of the
uplink subirame and the type of the CCA to-be-performed
by the terminal: the single timeslot-based CCA; ‘0017,
‘0107, °100°, or ‘101" 1nstructs the terminal to perform three
operation behaviors, that 1s, indicates the starting time of the
uplink subirame, the type of the CCA to-be-performed by
the terminal: the random backofil-based CCA, and the value
of the CWS of the random backofl-based CCA to-be-
performed by the terminal.

S102. The base station sends the jointly encoded control
information, and a terminal receives the jointly encoded
control information sent by the base station.

In this embodiment of the present invention, the base
station may send the jointly encoded control information to
the terminal by using downlink control signaling 1n common
search space or user-specific search space (also called ter-
minal-specific search space) 1n a physical downlink control
channel (PDCCH). If the base station sends the jointly
encoded control information by using the common search
space, the base station notifies all terminals of same jointly
encoded control information, for example, a type of a CCA
and a CWS/backofl counter initial value. If the base station
sends the jointly encoded control information by using the
user-specific search space, the base station notifies each
terminal of respective jointly encoded control information.

Further, if the base station sends the jointly encoded
control information by using the user-specific search space,
the base station may send the jointly encoded control
information to the terminal by using an uplink grant (UL
grant) 1n the jointly encoded control information.

S103. The terminal performs an operation based on the
jomtly encoded control mnformation.

In this embodiment of the present invention, the operation
to-be-performed by the terminal may include one or more
operations of determining a type of CCA to-be-performed by
the terminal for the uplink subirame, determining a starting
time when the terminal starts to send a signal 1n the uplink
subirame, and determining a CWS or a backofl counter
initial value of random backoft-based CCA. Then, the ter-
minal may send, based on the jointly encoded control
information, an uplink signal in an uplink service channel,
an uplink control channel, or a channel corresponding to an
uplink reference signal. That the terminal sends an uplink
signal based on the jointly encoded control information
includes: performing CCA based on the jointly encoded
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control information, and after the CCA 1s finished, occupy-
ing the uplink subirame to send a signal.

It should be noted that in this embodiment of the present
invention, 1 LBT 1s performed, finishing the CCA includes
that the LBT succeeds. That 1s, when the LBT succeeds, the
terminal occupies the uplink subiframe to send a signal. IT
LBT is not performed, finishing the CCA includes skipping
performing the LBT. That i1s, the terminal may skip per-
tforming the LBT, and directly accesses the channel to send
a signal.

It should be noted that in this embodiment of the present
invention, the type of the CCA to-be-performed by the
terminal for the uplink subirame includes: The terminal
performs the LBT for channel listening before accessing an
uplink channel, or the terminal skips performing the LBT

before accessing an uplink channel. Performing the LB
includes performing single timeslot-based CCA or random

backoil-based CCA.

It should further be noted that 11 the terminal performs the
LBT for channel listening, the terminal needs to access the
channel after the LBT succeeds, and 1f the terminal skips
performing the LB, the terminal may directly access the
channel.

When the terminal performs uplink transmission, that the
LBT succeeds means that the terminal fimshes the LBT
before sending a signal in the uplink subirame. Finishing the
LBT 1includes: detecting, in a CCA timeslot based on the
single timeslot-based CCA, that the channel 1s idle, and
accessing a channel corresponding to the uplink subirame;
or finishing CCA backofl based on the random backofj-
based CCA, and accessing a channel corresponding to the
uplink subirame.

In this embodiment of the present invention, the following
describes a control information processing method 1n detail
with reference to an actual application.

In this embodiment of the present invention, message
content indicated by the first control information and mes-
sage content indicated by the second control imnformation
may not overlap, but have an association relationship, and
may be the type of the CCA and a listening parameter of the
random backofil-based CCA including the contention win-
dow size CWS or the backoil counter 1nitial value, or may
be the starting time when the terminal starts to send a signal
in the uplink subirame and a listening parameter of channel
listening to-be-performed by the terminal i the uplink
subirame. The listening parameter of the channel listening
to-be-performed by the terminal in the uplink subirame
includes the type of the clear channel assessment CCA
to-be-performed by the terminal, or includes the type of the
clear channel assessment CCA to-be-performed by the ter-
minal and the listening parameter of the random backoil-
based CCA to-be-performed by the terminal. The listening
parameter of the random backoil-based CCA includes the
contention window size CWS or the backofl counter initial
value.

The following separately describes implementable joint
encoding manners 1n this embodiment of the present inven-
tion.

In a first joint encoding manner, the type of the CCA and
the listening parameter of the random backofl-based CCA
are jointly encoded.

When the type of the CCA and the listening parameter of
the random backoil-based CCA are jointly encoded by using,
the method for indicating the jointly encoded control infor-
mation provided in this embodiment of the present inven-
tion, the first control mnformation 1ndicates the type of the
clear channel assessment CCA to-be-performed by the ter-
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minal in the uplink subiframe, and the second control infor-
mation indicates the listening parameter of the random

backoil-based CCA to-be-performed by the terminal. The

listening parameter of the random backoil-based CCA

includes the contention window size CWS or the backofl
counter initial value.

The random backofl-based CCA requires listening param-
eter information such as the CWS or the backoll counter
initial value, but the single timeslot-based CCA does not
require the listening parameter information. Therefore, 1
two pieces of control signaling are used to respectively
indicate the listening type and the listeming parameter of the

random backofl-based CCA, redundancy of matching

between listening parameters of the single timeslot-based
CCA and the random backofl-based CCA 1s generated. To

resolve the problem, in this embodiment of the present
invention, when the first control information and the second
control information are jointly encoded, only a situation 1n
which the information content indicated by the first control
information matches the mformation content indicated by
the second control information 1s retained, including at least
one of the following situations: The first control information
instructs the terminal to perform the single timeslot-based
CCA 1 the uplink subirame, and the information content
indicated by the second control information 1s null; and the
first control information instructs the terminal to perform the
random backoii-based CCA 1n the uplink subirame, and the
second control information indicates the listening parameter
of the random backoil-based CCA.

Further, the following situation 1s further included: The
first control information instructs the terminal to skip per-

forming LBT (No LBT), and occupies the uplink subirame

to send a signal, and the information content indicated by the
second control information 1s null.

In this embodiment of the present invention, the jointly
encoded control information 1includes control information 1n
which the content indicated by the first control information
matches the content imndicated by the second control infor-
mation, and does not include information in which the
content indicated by the first control information does not
match the content indicated by the second control informa-
tion. For example, the following situations are not included:
The first control information indicates the single timeslot-
based CCA, and the second control information indicates the
listening parameter of the random backofil-based CCA. The
first control information indicates no LBT, and the second
control information indicates the listening parameter of the
random backoii-based CCA.

In this embodiment of the present immvention, the infor-
mation content indicated by the first control information
matches the information content indicated by the second
control information, so that a situation in which the first
control information indicates the single timeslot-based
CCA, and the second control information indicates the
listening parameter of the random backoil-based CCA, or a
situation 1n which the first control information indicates no
LBT, and the second control information indicates the
listening parameter of the random backofil-based CCA can
be avoided. In this embodiment of the present invention, a
terminal behavior that cannot occur 1n a combination of at
least two pieces of control information 1s removed from the
jointly encoded control information, so as to avoid signaling
redundancy caused by separately notifying the terminal of
the at least two pieces of control information at the same
time, and 1mprove control information transmission efli-
clency.
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In a specific implementation, when the type of the CCA

and the CWS of the random backotii-based CCA are jointly

encoded, an indication state of the jointly encoded control
information may be a state set including at least two 1ndi-
cation states of the following N+1 indication states. N 1s a

quantity of elements 1n a value set of the CWS. For example,
1t a value ot the CWS 1s 3 or 7, N 1s 2. A first indication state

indicates that the single timeslot-based CCA 1s performed. A
second indication state to an (N+1)” indication state are
respectively used to indicate that the random backoil-based
CCA 1s performed and the value of the CWS 1s a first value
to an N? value. Further, the indication state of the jointly
encoded control information may be a state set including at
least two indication states of the following N+2 indication
states. A first indication state indicates that the single
timeslot-based CCA 1s performed. A second indication state
to an (N+1)” indication state are respectively used to indi-
cate that the random backoil-based CCA 1s performed and
the value of the CWS is a first value to an N value. An

(N+2)” indication state indicates that the LBT is not per-
formed (NO LBT), and the channel 1s directly accessed to
send a signal.

In a specific implementation, when the type of the CCA
and the backofl counter 1nitial value of the random backofl-
based CCA are jointly encoded, an indication state of the
jointly encoded control information may be a state set
including at least two indication states of the following M+1
indication states. M 1s a quantity of elements 1 a backoil
counter 1nitial value set. For example, 11 the backoll counter
initial value 1s 0 to 7, M 1s &. A first indication state indicates
that the single timeslot-based CCA 1s performed. A second
indication state to an (M+1)” indication state are respec-
tively used to indicate that the random backofi-based CCA
1s performed and the backofl counter initial value 1s a first
value to an M? value. Further, the indication state of the
jointly encoded control information 1s a state set including at
least two 1ndication states of the following M+2 indication
states. A first indication state indicates that the single
timeslot-based CCA 1s performed. A second indication state
to an (M+1)” indication state are respectively used to
indicate that the random backofi-based CCA 1s performed
and the backoff counter initial value is a first value to an M™
value. An (M+2)” indication state indicates that the LBT is
not performed (NO LBT), and the channel i1s directly
accessed to send a signal.

This embodiment of the present invention 1s described by
using an example in which the value of the CWS 1s 3 or 7,
and the backofl counter initial value 1s O to 7. The mdlcatlon
state of the jointly encoded control information 1s shown 1n

Table 1 and Table 2.

TABLE 1

Indication State Type of the CCA CWS Value

1 Single timeslot-based CCA Not mnvolved
2 Random backofi-based CCA 3
3 Random backofi-based CCA 7
4 (optional) No LBT Not mvolved
TABLE 2
Indication Random Backoil Counter
State Type of the CCA Initial Value
1 Single timeslot-based CCA Not involved
2to9 Random backofl-based CCA 0to7

10 (optional) No LBT Not involved
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In this embodiment of the present invention, Table 1 and
Table 2 list all situations, when the type of the CCA and the

listening parameter of the random backofl-based CCA are

jomtly encoded, of operations that are to-be-performed by
the terminal and that can be indicated by all indication states

included 1n the jointly encoded control information. In a

specific implementation, the jointly encoded control infor-
mation may indicate one of the situations, and the terminal
performs a corresponding operation based on the jointly
encoded control information. The performing, by the termi-
nal, clear channel assessment CCA based on the jointly
encoded control information, and occupying, after finishing
the CCA, the uplink subirame to send a signal includes:
determining, by the terminal, the type of the CCA based on

the jointly encoded control information, performing, by the
terminal, the CCA based on the type of the CCA, and
occupying, after finishing the CCA, the uplink subirame to

send a signal; and further, 1f the type of the CCA 1s the
random backofi-based CCA, further determining, by the

il

terminal, the listeming parameter of the random backoil-
based CCA based on the jointly encoded control informa-
tion, performing, by the terminal, the CCA based on the type
of the CCA and the listening parameter of the random
backofl-based CCA, and occupying, after finishing the
CCA, the uplink subiframe to send a signal.

In this embodiment of the present invention, an 1mple-
mentation in which the type of the CCA and the listening
parameter of the random backofi-based CCA are jointly
encoded 1s used, so as to reduce signaling overheads. For
example, when a bit indicates message content of control

information, a state value 1 indicates that the single timeslot-
based CCA 1s performed, a state value 2 indicates that the

random backofl-based CCA when the CWS 1s 3 1s per-

formed, and a state value 3 indicates that the random
backoil-based CCA when the CWS 1s 7 1s performed.
Alternatively, a state value 1 indicates that no LBT 1s
performed, a state value 2 indicates that the single timeslot-
based CCA 1s performed, a state value 3 indicates that the
random backofl-based CCA when the CWS 1s 3 1s per-
formed, and a state value 4 indicates that the random
backoil-based CCA when the CWS 1s 7 1s performed.
Therefore, operation behaviors of the terminal can be com-
pletely indicated by using 2-bit control signaling in total.
Compared with a case i which 2-bit control signaling
indicates the listening type (No LBT/the single timeslot-
based CCA/the random backofl-based CCA), and 1-bit
control signaling indicates that the CWS 1s 3 or 7, 1-bat
control signaling overheads are saved.

For another example, a state value 1 indicates that the
single timeslot-based CCA 1s performed, and a state value 2
to a state value 9 are respectively used to indicate that the
random backotii-based CCA 1s performed when the backoil
counter 1nitial value 1s 0 to 7. Alternatively, a state value 1
indicates that no LBT 1s performed, a state value 2 indicates
that the single timeslot-based CCA 1s performed, a state
value 3 to a state value 10 are respectively used to indicate
that the random backoii-based CCA 1s performed when the
backofl counter initial value 1s O to 7. Therefore, operation
behaviors of the terminal can be completely indicated by
using 4-bit control signaling in total. Compared with a case
in which 2-bit control signaling indicates the listening type
(No LBT/the single timeslot-based CCA/the random back-
ofl-based CCA), and 2-bit control signaling indicates the
operation behaviors of the terminal that are respectively
indicated by the backofl counter initial values 0 to 7, 1-bat

control signaling overheads are saved.
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It should be noted that in this embodiment of the present
invention, 1f a situation i which the message content
indicated by the first control information does not match the
message content indicated by the second control information
1s not excluded from the jointly encoded control informa-
tion, the terminal may send a signal in a predefined manner
alter recerving the jointly encoded control information. For
example, 11 the terminal 1s 1nstructed by the base station to

perform the single timeslot-based CCA and an operation
behavior matching any CWS/backofl counter initial value of
the random backoil-based CCA, the terminal always per-
forms the single timeslot-based CCA, or performs the ran-
dom backoil-based CCA based on an indicated CWS or
backoll counter 1nitial value. This may be predefined.

In a second joint encoding manner, the starting time for
sending a signal 1 the uplink subirame and the type of the
CCA to-be-performed by the terminal are jointly encoded.

When the starting time for sending a signal 1n the uplink
subirame and the type of the clear channel assessment CCA
to-be-performed by the terminal are jointly encoded by
using the method for indicating the jointly encoded control
information provided in this embodiment of the present
invention, the first control information includes the starting
time when the terminal starts to send a signal in the uplink
subframe, and the second control information includes the
type of the clear channel assessment CCA to-be-performed
by the terminal.

Currently, an association relationship between the starting
time of the uplink subframe and the type of the CCA 1s

shown 1n Table 3:

TABLE 3
Starting Time
of the Uplink Type of
Subframe the CCA Description
0 us+ No LBT The terminal continuously occupies
the channel before the uplink
subframe.
Single The terminal does not continuously
timeslot- occupy the channel before the uplink
based CCA  subframe, and the uplink subframe
1s within an MCOT.
Random The terminal does not continuously
backoit- occupy the channel before the uplink
based CCA  subframe, and the uplink subframe
1s beyond an MCOT.
16 ps+/0 us+/23 No LBT Used to send a HARQ feedback.
us+/1 symbol+
25 us+/1 symbol+  Single The uplink subframe is within
timeslot- an MCOT.
based CCA
1 symbol+ Random The uplink subframe 1s beyond
backofl- an MCOT.
based CCA

According to the association relationship, shown 1n Table
3, between the starting time of the uplink subiframe and the
type of the CCA, if the base station separately notifies the
terminal of the starting time of the uplink subframe (0 us/16
us/25 us/1 symbol) or the type of the CCA (No LBT/the
single timeslot-based CCA/the random backoil-based
CCA), when the terminal does not successtully receive an
indication of a starting time of a previous uplink subirame
or a type of CCA for a previous uplink subirame, the
terminal does not know whether the uplink subirame 1s
within the MCOT or beyond the MCOT, and therefore
cannot determine the type of the CCA. In addition, 1f the
base station separately notifies the terminal of the starting
time of the uplink subirame and the type of the CCA at the
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same time, redundancy of matching between 16 us and the
single timeslot-based CCA/the random backofii-based CCA,
matching between 25 us and no LBT/the random backofl-
based CCA, and matching between 16 us and no LBT/the
random backofil-based CCA 1s generated. To resolve the
problem, 1n this embodiment of the present invention, when
the first control information and the second control infor-
mation are jointly encoded, only a situation in which the
information content indicated by the first control informa-
tion matches the information content indicated by the second
control information 1s retained, including at least one of the
following situations:

In a first situation, the first control information indicates
that the starting time when the terminal starts to send a signal
in the uplink subirame 1s after a starting time of the uplink
subframe, and an interval between the starting time for
sending a signal and the starting time of the uplink subirame
1s a first time; and the second control information instructs
the terminal to perform single timeslot-based CCA before
the starting time for sending a signal.

In a second situation, the first control information indi-
cates that the starting time when the terminal starts to send
a signal 1n the uplink subirame is after a starting time of the
uplink subirame, and an interval between the starting time
for sending a signal and the starting time of the uplink
subiframe 1s a second time; and the second control informa-
tion instructs the terminal to perform random backoii-based
CCA belore the starting time for sending a signal.

In a third situation, the first control information indicates
that the starting time when the terminal starts to send a signal
in the uplink subirame 1s the same as a starting time of the
uplink subframe, and the second control information
instructs the terminal to perform single timeslot-based CCA
betfore the starting time for sending a signal.

In a fourth situation, the first control information indicates
that the starting time when the terminal starts to send a signal
in the uplink subirame 1s the same as a starting time of the
uplink subframe, and the second control information
instructs the terminal to perform random backoil-based
CCA belore the starting time for sending a signal.

Further, the following fifth situation may be further
included:

In the fifth situation, the first control information indicates
that the starting time when the terminal starts to send a signal
in the uplink subirame 1s after a starting time of the uplink
subiframe, and an interval between the starting time for
sending a signal and the starting time of the uplink subirame
1s a third time; and the second control information instructs
the terminal to skip performing LBT, and occupies the
uplink subirame to send a signal.

It should be noted that, when the starting time for sending,

a signal in the uplink subiframe and the type of the CCA
to-be-performed by the terminal are jointly encoded, the
jomtly encoded control information does not include infor-
mation about the CWS or the backofl counter 1nitial value.
Theretfore, the CWS or the backoll counter initial value may
be maintained on a base station side and notified to the
terminal, or may be maintained on a terminal side.

It should further be noted that in the foregoing embodi-
ment, the first time 1s an 1dle gap reserved for the terminal
to perform the single timeslot-based CCA, for example, 25
us or 1 symbol, and the second time 1s an 1dle gap reserved
for the terminal to perform the random backoil-based CCA,
for example, 1 symbol. The first time may be equal to the
second time, or may not be equal to the second time.

It may be understood that the third time in the foregoing
embodiment 1s a time period from the starting time of the
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uplink subiframe to a time when the terminal skips perform-
ing the LBT, and directly occupies the uplink subframe to
start to send the uplink signal. The third time 1s less than or
equal to a maximum time interval during which the terminal
does not perform the LBT, but directly accesses the channel.
For example, a value interval of the third time 1s (O us, 16
us]. Alternatively, the third time 1s equal to O, that 1s, the base
station adjusts the starting time of the uplink subirame, so
that a time interval from a time when downlink transmission
ends to the starting time of the uplink subirame 1s less than
or equal to a maximum time interval during which the
terminal skips performing the LBT, and directly starts to
access the channel, that 1s, (O us, 16 us]. Alternatively, the
third time 1s equal to 25 us or 1 symbol, that 1s, the base
station adjusts the starting time of the uplink subframe, to
meet a maximum time interval during which the terminal
skips performing the LBT, and directly accesses the channel.
It should be noted that the third time may be equal to 0, or
may be greater than 0. The third time may be equal to the
first time or the second time, or may not be equal to the first
time or the second time.

In a specific implementation, when the starting time for
sending a signal in the uplink subframe and the type of the
CCA to-be-performed by the terminal are jointly encoded,
the indication state of the jointly encoded control informa-
tion may be a state set including at least two 1indication states
in indication states shown 1n Table 4 and Table 5.

TABLE 4

Indication  Starting Time of the Uplink
State Subframe Type of the CCA
1 25 us+/1 symbol+ Single timeslot-based CCA
2 1 symbol+ Random backoff-based CCA
3 0 us+ Single timeslot-based CCA
4 0 us+ Random backoff-based CCA
TABLE 5
Indication  Starting Time of the Uplink
State Subframe Type of the CCA
1 25 us+/1 symbol+ Single timeslot-based CCA
2 1 symbol+ Random backofi-based CCA
3 0 us+ Single timeslot-based CCA
4 0 us+ Random backoff-based CCA
5 16 ps+/0 us+/25 No LBT

Ls+/1 symbol+

In Table 4 and Table 5, 0 us+ indicates that the starting
time for sending the uplink signal 1s equal to the starting
time of the uplink subframe. 25 us+ indicates that the
starting time for sending the uplink signal 1s 25 us after the
starting time of the uplink subiframe. 1 symbol+ indicates
that the starting time for sending the uplink signal i1s one
SC-FDMA symbol after the starting time of the uplink
subiframe. 25 pus+/1 symbol+ indicates that the starting time
for sending the uplink signal 1s 25 1s after the starting time
of the uplink subiframe when the single timeslot-based CCA
1s performed (different from the idle gap of the random
backoti-based CCA), or the starting time for sending the
uplink signal 1s one symbol after the starting time of the
uplink subirame when the single timeslot-based CCA 1s
performed (the same as the 1dle gap of the random backoil-
based CCA). 16 us+ indicates that the starting time for
sending the uplink signal 1s 16 us after the starting time of
the uplink subirame.
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In Table 4, 2-bit control signaling 1s required to com-
pletely indicate operation behaviors of the terminal. Com-
pared with a case i which 2-bit control signaling indicates
the starting time for sending the uplink signal (0 us+/25
us+/1 symbol+), and 1-bit control signaling indicates the
type of the CCA (the single timeslot-based CCA/the random

backoil-based CCA), 1-bit control signaling overheads are
saved.

In Table 5, 3-bit control signaling 1s required to com-
pletely indicate operation behaviors of the terminal. Com-
pared with a case in which 2-bit control signaling indicates
the starting time for sending the uplink signal (0 us/16 us/25

us/1 symbol), and 2-bit control signaling indicates the type
of the CCA (No LBT/the single timeslot-based CCA/the

random backofl-based CCA), 1-bit control signaling over-
heads are saved.

In this embodiment of the present invention, the jointly
encoded control information is sent, so that a problem that
the type of the CCA to-be-performed by the terminal cannot
be explicitly indicated in some scenarios when the starting
time of the uplink subirame or the type of the CCA 1s
separately notified can be resolved. For example, as shown
in FI1G. 2, although the terminal does not know a type of
CCA for a subframe # n+8, the base station indicates an
indication state 4 in Table 5 for a subframe # n+9, so that the
terminal can perform the random backoii-based CCA. For
another example, as shown 1n FIG. 3, the terminal learns that
the base station indicates an 1indication state 3 in Table 5 for
a subframe # n+7, so that the terminal can occupy the
subiframe # n+7/ at a starting time of the subframe after
successiully performing the single timeslot-based CCA.

In this embodiment of the present invention, the jointly
encoded control information includes control information 1n
which the content indicated by the first control information
matches the content imndicated by the second control infor-
mation, and does not include information in which the
content indicated by the first control information does not
match the content indicated by the second control informa-
tion. For example, the following situations are not included:
The first control information indicates that the interval
between the starting time when the terminal starts to send a
signal 1n the uplink subframe and the starting time of the
uplink subirame 1s the second time, and the second control
information 1instructs the terminal to perform the single
timeslot-based CCA before the starting time. The first con-
trol information indicates that the interval between the
starting time when the terminal starts to send a signal 1n the
uplink subiframe and the starting time of the uplink subirame
1s the first time, and the second control information instructs
the terminal to perform the random backofl-based CCA
betore the starting time. The first control information 1ndi-
cates that the interval between the starting time when the
terminal starts to send a signal 1n the uplink subiframe and
the starting time of the uplink subframe 1s the third time, and
the second control information instructs the terminal to
perform the single timeslot-based CCA or the random back-
ofl-based CCA before the starting time. The first control
information indicates that the interval between the starting
time when the terminal starts to send a signal 1n the uplink
subirame and the starting time of the uplink subirame 1s the
first time or the second time, or the starting time when the
terminal starts to send a signal in the uplink subframe 1s the
same as the starting time of the uplink subirame; and the
second control mmformation instructs the terminal to skip
performing the LBT, but starts to send a signal at the starting
time for sending a signal.
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In this embodiment of the present invention, when the
starting time for sending a signal in the uplink subirame and
the type of the CCA to-be-performed by the terminal are
jointly encoded, the information content indicated by the
first control information matches the information content
indicated by the second control imnformation, so that match-
ing between the single timeslot-based CCA and 1 symbol+,
matching between the random backofil-based CCA and 25
us+, matching between the single timeslot-based CCA/the
random backofil-based CCA and 16 us+, and matching
between no LBT and 1 symbol/25 us/0 us can be avoided. In
this embodiment of the present invention, a terminal behav-
1or that cannot occur 1n a combination of at least two pieces
ol control information 1s removed from the jointly encoded
control information, so as to avoid signaling redundancy
caused by separately notifying the terminal of the at least
two pieces of control information at the same time, and
improve control information transmission etliciency.

Further, 1n this embodiment of the present invention, if a
situation 1 which the message content indicated by the first
control information does not match the message content
indicated by the second control information 1s not excluded
from the jointly encoded control information, the terminal
may send a signal in a predefined manner after receiving the
jointly encoded control information. For example, if the
jointly encoded control mnformation received by the terminal
indicates that an operation behavior for the matching
between the single timeslot-based CCA and 1 symbol+ 1s to
be performed, the terminal may always perform an operation
behavior for matching between the single timeslot-based
CCA and 25 us+, or perform an operation behavior for
matching between the random backofl-based CCA and 1
symbol+. If the jointly encoded control information received
by the terminal indicates that an operation behavior for the
matching between the random backofil-based CCA and 25
us+ 1s to be performed, the terminal may always perform an
operation behavior for matching between the single
timeslot-based CCA and 25 us+, or perform an operation
behavior for matching between the random backoil-based
CCA and 1 symbol+. If the jointly encoded control infor-
mation received by the terminal indicates that an operation
behavior for the matching between the single timeslot-based
CCA/the random backotii-based CCA and 16 us+ 1s to be
performed, the terminal may always perform an operation
behavior for matching between the single timeslot-based
CCA and 25 us+, perform an operation behavior for match-
ing between the random backoii-based CCA and 1 symbol+,
or perform an operation behavior for matching between no
LBT and 16 us+. If the jointly encoded control information
received by the terminal indicates that an operation behavior
for the matching between no LBT and 1 symbol/25 us/O us
1s 10 be performed, the terminal may always perform an
operation behavior for matching between the single
timeslot-based CCA and 25 us+, perform an operation
behavior for matching between the random backoii-based
CCA and 1 symbol+, or perform an operation behavior for
matching between no LBT and 16 us+.

In this embodiment of the present invention, Table 4 and
Table 5 list all situations, when the starting time for sending
a signal in the uplink subframe and the type of the CCA
to-be-performed by the terminal are jointly encoded, of
operations that are to-be-performed by the terminal and that
can be indicated by all indication states included in the
jointly encoded control information. In a specific implemen-
tation, the jointly encoded control information may indicate
one of the situations, and the terminal performs a corre-
sponding operation based on a situation indicated by the
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jomtly encoded control information. The performing, by the
terminal, clear channel assessment CCA based on the jointly
encoded control information, and occupying, after finishing
the CCA, the uplink subiframe to send a signal at the starting
time for sending a signal in the uplink subiframe includes:
determining, by the terminal based on the jointly encoded
control mmformation, the type of the CCA and the starting
time for sending a signal 1n the uplink subframe; performing,
by the terminal, the CCA based on the type of the CCA; and
occupying, after finishing the CCA, the uplink subirame to
send a signal at the starting time for sending a signal 1n the
uplink subirame.

It should be noted that, if an operation behavior indicated
by the jointly encoded control information received by the
terminal 1s that the starting time when the terminal starts to
send a signal in the uplink subirame 1s equal to the starting
time of the uplink subiframe and the terminal performs the
single timeslot-based CCA, or the starting time when the
terminal starts to send a signal in the uplink subirame 1s
equal to the starting time of the uplink subirame and the
terminal performs the random backofl-based CCA, 11 the
terminal continuously occupies the channel before the
uplink subframe until the starting time of the uplink sub-
frame (that 1s, the terminal successtully accesses the channel
in a previous uplink subirame of the uplink subirame), the
terminal may not need to perform the LB, but continue to
occupy the channel to send a signal 1n the uplink subframe;
or if the terminal does not continuously occupy the channel
until the starting time of the uplink subirame (a listening gap
1s reserved on a tail of a previous subirame, or a type of CCA
for a previous subirame 1s missing), the terminal performs
the LBT based on the type of the CCA that 1s included in the
joimtly encoded control imformation, and may access the
uplink subirame after the LB'T succeeds.

A situation in which the listening gap 1s reserved on the
tail of the previous subirame 1s as follows: The previous
subirame of the uplink subirame 1s a downlink subirame or
an uplink subirame. However, the base station does not
occupy all symbols of the previous downlink subirame, and
retains at least a last symbol to serve as an idle gap.
Alternatively, the terminal does not occupy all symbols of
the previous uplink subiframe, and retains at least a last
symbol to serve as an 1dle gap. In the two cases, the terminal
may perform the single timeslot-based CCA or the random
backoil-based CCA within a time period corresponding to a
last 1dle symbol of the previous subirame. If the LBT
succeeds, the terminal occupies a first symbol of the uplink
subirame, and does not need to reserve an 1dle gap. This 1s
shown 1n FIG. 4.

A situation 1 which a type of the LBT {for the previous
subirame 1s missing 1s as follows: The base station schedules
the terminal to occupy an uplink subframe before the uplink
subiframe and continuously occupy the channel until an
ending time of the uplink subirame. Therefore, the LBT does
not need to be performed. However, because the terminal
does not recetve a UL grant of the uplink subirame belore
the uplink subirame scheduled by the base station, the
terminal cannot occupy the uplink subiframe before the
uplink subirame, and therefore needs to perform the LBT in
the uplink subirame to access the channel. Because the base
station instructs the terminal to occupy a first symbol of the
uplink subirame, the terminal can perform the LBT only
betore the uplink subirame. This 1s shown 1n FIG. 5.

In a third joint encoding manner, the starting time for
sending a signal 1n the uplink subirame, the type of the CCA,
and the listening parameter of the random backoil-based
CCA are jomtly encoded.
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In this embodiment of the present invention, 1f the listen-
ing parameter of the random backoil-based CCA 1s main-
tained on the base station side and notified to the terminal,
the listening parameter of the random backoii-based CCA
may also be joimntly encoded and added to the control
information, so as to further reduce control signaling over-
heads.

In this embodiment of the present mvention, when the
starting time for sending a signal 1n the uplink subirame, the
type of the CCA, and the listening parameter of the random
backoii-based CCA are jointly encoded by using the method
for indicating the jointly encoded control information pro-
vided 1n this embodiment of the present invention, the first
control information includes the starting time when the
terminal starts to send a signal 1n the uplink subframe, and
the second control information includes the type of the clear
channel assessment CCA to-be-performed by the terminal
and the listening parameter of the random backoil-based
CCA to-be-performed by the terminal. The listening param-
eter of the random backofil-based CCA includes the conten-
tion window size CWS or the backofl counter initial value.

In this embodiment of the present invention, to avoid
information redundancy caused by mismatching between
the information content indicated by the first control infor-
mation and the iformation content indicated by the second
control information, only a situation 1n which the informa-
tion content idicated by the first control nformation
matches the information content indicated by the second
control information may be retained, including at least one
of the following situations:

In a first situation, the first control information indicates
that the starting time when the terminal starts to send a signal
in the uplink subirame 1s after a starting time of the uplink
subirame, and an interval between the starting time for
sending a signal and the starting time of the uplink subirame
1s a fourth time; and the second control information instructs
the terminal to perform single timeslot-based CCA before
the starting time for sending a signal.

In a second situation, the first control information indi-
cates that the starting time when the terminal starts to send
a signal in the uplink subframe 1s after a starting time of the
uplink subirame, and an interval between the starting time
for sending a signal and the starting time of the uplink
subframe 1s a fifth time; and the second control information
instructs the terminal to perform the random backoil-based
CCA belore the starting time for sending a signal, and
indicates the listening parameter of the random backofl-
based CCA.

In a third situation, the first control information indicates
that the starting time when the terminal starts to send a signal
in the uplink subirame 1s the same as a starting time of the
uplink subframe, and the second control information
instructs the terminal to perform single timeslot-based CCA
before the starting time for sending a signal.

In a fourth situation, the first control information indicates
that the starting time when the terminal starts to send a signal
in the uplink subiframe 1s the same as a starting time of the
uplink subiframe, and the second control nformation
instructs the terminal to perform the random backoil-based
CCA belore the starting time for sending a signal, and
indicates the listening parameter of the random backofl-
based CCA.

Further, the following situation may be further included:

In a fifth situation, the first control information indicates
that the starting time when the terminal starts to send a signal
in the uplink subirame 1s after a starting time of the uplink
subiframe, and an interval between the starting time for
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sending a signal and the starting time of the uplink subirame
1s a sixth time; and the second control information 1nstructs
the terminal to skip performing listen before talk LBT, and
occupies the uplink subirame to send a signal, and message
content of the listening parameter of the random backofl-
based CCA 1s null.

It should be noted that 1n this embodiment of the present
invention, the fourth time and the first time may be the same,
or may be different; the fifth time and the second time may
be the same, or may be different; and the sixth time and the
third time may be the same, or may be different. For a
relationship among the fourth time, the fifth time, and the
sixth time, refer to the relationship among the first time, the
second time, and the third time.

In a specific implementation, when the starting time for
sending a signal 1n the uplink subirame, the type of the CCA,
and the CWS of the random backofl-based CCA are jointly
encoded, an indication state of the jointly encoded control
information may be a state set including at least two 1ndi-
cation states of the following 2*N+2 indication states. N 1s
a quantity of elements 1 a value set of the CWS. For
example, 11 a value of the CWS 1s 3 or 7, N 1s 2. A first
indication state indicates that the starting time for sending a
signal 1n the uplink subframe 1s after the starting time of the
uplink subirame, the interval between the starting time for
sending a signal in the uplink subframe and the starting time
of the uplink subirame 1s the fourth time, and the single
timeslot-based CCA 1s performed. A second indication state
indicates that the starting time when the UE starts to send a
signal 1n the uplink subirame is equal to the starting time of
the uplink subframe, and the single timeslot-based CCA 1s
performed. A third indication state to an (N+2)” indication
state are respectively used to indicate that the starting time
when the UE starts to send a signal 1n the uplink subirame
1s after the starting time of the uplink subirame, the interval
between the starting time when the UE starts to send a signal
in the uplink subirame and the starting time of the uplink
subframe is the fifth time, the random backoft-based CCA 1s
performed, and the value of the CWS 1s a first value to an
N? value. An (N+3)” indication state to a (2*N+2)” indi-
cation state are respectively used to indicate that the starting
time when the UE starts to send a signal in the uplink
subirame 1s equal to the starting time of the uplink subirame,
the random backoil-based CCA 1s performed, and the value
of the CWS is a first value to an N value.

Further, in addition to the foregoing (2*N+2) indication
states, the indication state of the jointly encoded control
information may further include a (2*N+3)” indication
state. The (2*N+3)” indication state indicates that the start-
ing time when the UE starts to send a signal in the uplink
subirame 1s after the starting time of the uplink subirame,
the interval between the starting time when the UE starts to
send a signal 1n the uplink subirame and the starting time of
the uplink subirame 1s the sixth time, and the LBT does not
need to be performed, but the channel 1s directly accessed.

In a specific implementation, when the starting time for
sending a signal 1n the uplink subirame, the type of the CCA,
and the backofl counter 1nitial value of the random backofl-
based CCA are jointly encoded, an indication state of the

60 jointly encoded control immformation may be a state set
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including at least two indication states of the following
2*M+2 indication states. M 1s a quantity of elements 1n a
backoil counter 1nitial value set. For example, 11 the backoil
counter 1nitial value 1s 0 to 7, M 1s 8. A first indication state
indicates that the starting time for sending a signal 1n the
uplink subirame 1s after the starting time of the uplink
subirame, the interval between the starting time for sending
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a signal in the uplink subframe and the starting time of the
uplink subirame 1s the fourth time, and the single timeslot-
based CCA 1s performed. A second indication state indicates
that the starting time when the UE starts to send a signal in
the uplink subiframe 1s equal to the starting time of the uplink
subirame, and the single timeslot-based CCA 1s performed.
A third indication state to an (M+2)” indication state are
respectively used to indicate that the starting time when the
UE starts to send a signal in the uplink subirame is after the
starting time of the uplink subirame, the interval between the
starting time when the UE starts to send a signal in the uplink
subirame and the starting time of the uplink subirame 1s the
fifth time, the random backoii-based CCA 1s performed, and
the backoff counter initial value is a first value to an M?
value. An (M+3)” indication state to a (2¥*M+2)” indication
state are respectively used to indicate that the starting time
when the UE starts to send a signal 1n the uplink subirame
1s equal to the starting time of the uplink subirame, the
random backofl-based CCA 1s performed, and the backoil
counter initial value is a first value to an M” value.

Further, 1n addition to the foregoing (2*M+2) 1ndication
states, the indication state of the jointly encoded control
information may further include a (2*M+3)” indication
state. The (2*M+3)” indication state indicates that the start-
ing time when the UE starts to send a signal in the uplink
subirame 1s after the starting time of the uplink subirame,
the interval between the starting time when the UE starts to
send a signal 1n the uplink subirame and the starting time of
the uplink subirame 1s the sixth time, and the LBT does not
need to be performed, but the channel 1s directly accessed.

This embodiment of the present invention 1s described by
using an example in which the value of the CWS 1s 3 or 7,
and the backofl counter initial value 1s O to 7. The mdlcatlon
state of the jointly encoded control information 1s shown 1n

Table 6 to Table 9.

TABLE 6
Starting Time
Indication of the Uplink CWS
State Subirame Type of the CCA Value
1 25 us+/1 symbol+ Single timeslot-based CCA Not
involved
2 0 us+ Single timeslot-based CCA Not
involved
3 1 symbol+ Random backoff-based CCA 3
4 1 symbol+ Random backofl-based CCA 7
5 0 us+ Random backofl-based CCA 3
6 0 us+ Random backofl-based CCA 7

In Table 6, an example 1n which the value of the CWS 1s
3 or 7 1s used, and 2-bit control signaling i1s required to
completely indicate operation behaviors of the terminal.
Compared with a case in which 2-bit control signaling
indicates the starting time for sending the uplink signal (O
us+/25 us+/1 symbol+), 1-bit control signaling indicates the
type of the CCA (the single timeslot-based CCA/the random
backofi-based CCA), and 1-bit control signaling indicates
the value of the CWS (3/7), 2-bit control signaling over-
heads are saved.

TABLE 7
Starting Time
Indication  of the Uplink CWS
State Subirame Type of the CCA Value
1 25 us+/1 symbol+ Single timeslot-based CCA Not

mmvolved
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TABLE 7-continued

Indication of the Uplink CWS
State Subirame Type of the CCA Value
2 0 us+ Single timeslot-based CCA Not
involved
3 1 symbol+ Random backoff-based CCA 3
4 1 symbol+ Random backofl-based CCA 7
5 0 us+ Random backofl-based CCA 3
6 0 us+ Random backoff-based CCA 7
7 16 us+/0 pus+/25 No LBT Not
us+/1 symbol+ involved

In Table 7, 3-bit control signaling i1s required to com-
pletely indicate operation behaviors of the terminal. Com-
pared with a case in which 2-bit control signaling indicates
the starting time for sending the uplink signal (O us/16 us/25

us/1 symbol), 2-bit control signaling indicates the type of the
CCA (No LBT/the single timeslot-based CCA/the random
backoil-based CCA), and 1-bit control signaling indicates
the value of the CWS (3/7), 2-bit control signaling over-
heads are saved.

IT a possible time gap value 1s considered to be only O us/1
symbol, 0 us corresponds to no LBT, and 1 symbol corre-
sponds to the single timeslot-based CCA and the random
backoil-based CCA, compared with a case i which 1-bit
control signaling indicates the starting time for sending the
uplink signal (0 us/1 symbol), 2-bit control signaling 1ndi-
cates the type of the CCA (No LB'T/the single timeslot-based
CCA/the random backofl-based CCA), and 1-bit control
signaling indicates the value of the CWS (3/7), 1-bit over-
heads are saved.

TABLE 8
Backoff
Starting Time Counter
Indication  of the Uplink Initial
State Subframe Type of the CCA Value
1 25 us+/1 symbol+ Single timeslot-based CCA Not
involved
2109 1 symbol+ Random backoff-based CCA 0to7
10 0 us+ Single timeslot-based CCA Not
involved
11 to 18 0 us+ Random backofl-based CCA 0to 7

In Table 8, an example 1n which the backoil counter 1nitial
value 1s O to 7 1s used, and 5-bit control signaling 1s required
to completely indicate operation behaviors of the terminal.
Compared with a case in which 2-bit control signaling
indicates the starting time for sending the uplink signal (O
us+/25 us+/1 symbol+), 1-bit control signaling indicates the
type of the CCA (the single timeslot-based CCA/the random
backoil-based CCA), and 3-bit control signaling indicates
the backofl counter 1nitial value (0 to 7), 1-bit overheads are
saved.

TABLE 9
Backofl
Starting Time Counter
Indication of the Uplink Initial
State Subframe Type of the CCA Value
1 25 pus+/1 symbol+ Single timeslot-based CCA Not
involved
2109 1 symbol+ Random backofl-based CCA 0to7
10 0 us+ Single timeslot-based CCA Not
involved
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TABLE 9-continued
Backoil
Starting Time Counter
Indication  of the Uplink Initial
State Subirame Type of the CCA Value
11 to 18 0 us+ Random backofl-based CCA 0to 7
19 16 us+/0 us+/25 No LBT Not
us+/1 symbol+ involved

In Table 9, 3-bit control signaling i1s required to com-
pletely indicate operation behaviors of the terminal. Com-
pared with a case 1n which 2-bit control signaling indicates
the starting time for sending the uplink signal (O us/16 us/235

us/1 symbol), 2-bit control signaling indicates the type of the
CCA (No LBT/the single timeslot-based CCA/the random
backofi-based CCA), and 3-bit control signaling indicates
the backoll counter 1mitial value (0 to 7), 2-bit overheads are
saved.

If a possible time gap value 1s considered to be only 0 us/1
symbol, 0 us corresponds to no LBT, and 1 symbol corre-
sponds to the single timeslot-based CCA and the random
backoti-based CCA, compared with a case in which 1-bit
control signaling indicates the starting time for sending the
uplink signal (0 us/1 symbol), 2-bit control signaling indi-
cates the type of the CCA (No LBT/the single timeslot-based
CCA/the random backofl-based CCA), and 3-bit control
signaling indicates the backofl counter 1nitial value (0 to 7),
1-bit overheads are saved.

Further, the jointly encoded control information includes
control mmformation in which the content indicated by the
first control information matches the content indicated by
the second control information, and does not include infor-
mation in which the content indicated by the first control
information does not match the content indicated by the
second control information. For example, the following
situations are not included: The second control information
instructs the terminal to perform the single timeslot-based
CCA belore the starting time, and indicates the CWS or the
backofl counter imitial value of the random backoil-based
CCA. The first control information indicates that the interval
between the starting time when the terminal starts to send a
signal 1n the uplink subframe and the starting time of the
uplink subirame 1s the fifth time, and the second control
information 1instructs the terminal to perform the single
timeslot-based CCA before the starting time. The first con-
trol information indicates that the interval between the
starting time when the terminal starts to send a signal 1n the
uplink subiframe and the starting time of the uplink subirame
1s the fourth time, and the second control information
instructs the terminal to perform the random backoil-based
CCA before the starting time, and indicate the CWS or the
backofl counter 1mitial value. The first control information
indicates that the interval between the starting time when the
terminal starts to send a signal 1n the uplink subirame and
the starting time of the uplink subiframe 1s the sixth time, and
the second control information instructs the terminal to
perform the single timeslot-based CCA before the starting
time, or the second control information indicates the random
backofl-based CCA and the CWS or the backofl counter
initial value. The first control information indicates that the
interval between the starting time when the terminal starts to
send a signal 1n the uplink subirame and the starting time of
the uplink subframe 1s the fourth time or the fifth time, or the
starting time when the terminal starts to send a signal 1n the
uplink subirame is the same as the starting time of the uplink
subframe; and the second control information instructs the
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terminal to skip performing the LBT, but starts to send a
signal at the starting time for sending a signal.

In this embodiment of the present invention, when the
starting time for sending a signal 1in the uplink subirame, the
type of the CCA, and the listening parameter of the random
backofl-based CCA are jointly encoded, the information
content indicated by the first control information matches
the information content indicated by the second control
information, so that matching between the single timeslot-
based CCA and any CWS/backoll counter initial value of the
random backoil-based CCA, matching between the single
timeslot-based CCA and 1 symbol+, matching between the
random backofil-based CCA and 25 us+, matching between
the single timeslot-based CCA/the random backoii-based
CCA and 16 us+, and matching between no LBT and 1
symbol+/25 us+/0 us+ can be avoided. In this embodiment
of the present invention, a terminal behavior that cannot
occur 1 a combination of at least two pieces of control
information 1s removed from the joimntly encoded control
information, so as to avoid signaling redundancy caused by
separately notifying the terminal of the at least two pieces of
control information at the same time, and improve control
information transmission efliciency.

It should be noted that 1n this embodiment of the present
invention, 1f a situation i which the message content
indicated by the first control information does not match the
message content indicated by the second control information
1s not excluded from the jointly encoded control informa-
tion, the terminal may send a signal 1n a predefined manner
alter recerving the jointly encoded control information. For
a specific execution manner, refer to the foregoing embodi-
ment. Details are not described herein again.

It should be noted that 1n this embodiment of the present
invention, Table 6 to Table 9 list all situations, when the
starting time for sending a signal 1n the uplink subirame, the
type of the CCA, and the listening parameter of the random
backoil-based CCA are jointly encoded, of operations that
are to-be-performed by the terminal and that can be 1ndi-
cated by all indication states included 1n the jointly encoded
control information. In a specific implementation, the jointly
encoded control information may indicate one of the situa-
tions, and the terminal performs a corresponding operation
based on a situation 1ndicated by the jointly encoded control
information. The performing, by the terminal, clear channel
assessment CCA based on the jointly encoded control infor-
mation, and occupying, after finishing the CCA, the uplink
subirame to send a signal at the starting time for sending a
signal 1 the uplink subirame includes: determining, by the
terminal based on the jointly encoded control information,
the type of the CCA and the starting time for sending a signal
in the uplink subframe, performing, by the terminal, the
CCA based on the type of the CCA, and occupying, after
fimshing the CCA, the uplink subirame to send a signal at
the starting time for sending a signal 1n the uplink subirame;
and further, 11 the type of the CCA 1s the random backofl-
based CCA, further determining, by the terminal, the listen-
ing parameter of the random backotii-based CCA based on
the jointly encoded control information, performing, by the
terminal, the CCA based on the type of the CCA and the
hstenlng parameter of the random backofl-based CCA, and
occupying, after finishing the CCA, the uplink subirame to
send a signal.

It should be noted that, 11 the indication state of the jointly
encoded control information received by the terminal 1s that
the first control information indicates that the starting time
when the terminal starts to send a signal in the uplink
subirame 1s after the starting time of the uplink subirame,
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and the interval between the starting time for sending a
signal and the starting time of the uplink subiframe 1s the fifth
time, and the second control information instructs the ter-
minal to perform the random backoil-based CCA belore the
starting time for sending a signal, and indicates the listening
parameter of the random backofl-based CCA, or the first
control information indicates that the starting time when the
terminal starts to send a signal 1n the uplink subframe is the
same as the starting time of the uplink subirame, and the
second control information 1nstructs the terminal to perform
the random backoil-based CCA belore the starting time for
sending a signal, and indicates the listening parameter of the
random backofi-based CCA, if the terminal continuously
occupies the channel before the uplink subirame until the
starting time of the uplink subirame (that 1s, the terminal
successiully accesses the channel in a previous uplink
subirame of the uplink subirame), the terminal may not need
to perform the LB, but continue to occupy the channel to
send a signal in the uplink subirame; or 1f the terminal does
not continuously occupy the channel until the starting time
of the uplink subirame (a listening gap 1s reserved on a tail
of a previous subirame, or a type of CCA for a previous
subirame 1s missing), the terminal performs the LBT based
on the type of the CCA that 1s included 1n the jointly encoded
control mformation, and may access the uplink subframe
after the LB'T succeeds.

It should be noted that the terms “first”, “second”, and the
like 1n the specification, claims, and accompanying drawings
of the embodiments of the present invention are intended to
distinguish between similar objects, but do not necessarily
indicate a specific order or sequence. For example, the first
control information and the second control information 1n
the embodiments of the present invention are for distin-
guishing between diflerent control information for ease of
description, and do not constitute a limitation on control
information. It should be understood that the data used 1n
such a way are interchangeable in proper circumstances, so
that the embodiments of the present invention described
herein can be implemented 1n other orders than the order
illustrated or described herein.

Based on the control information processing method
provided 1n the foregoing embodiment, an embodiment of
the present invention further provides a base station. FIG. 6
1s a schematic structural diagram of a base station according
to an embodiment of the present invention. In FIG. 6, a base
station 100 includes a processing unit 101 and a sending unit
102.

The processing unit 101 1s configured to determine jointly
encoded control mnformation for an uplink subirame, where
the jointly encoded control information 1s control informa-
tion obtained by jointly encoding first control information
and second control information.

The sending unit 102 1s configured to send the jointly
encoded control information determined by the processing
unit.

FIG. 7 1s another schematic structural diagram of a base
station according to an embodiment of the present invention.
In FIG. 7, a base station 100 includes a processor 1001 and
a transmitter 1002. The processor 1001 1s configured to
determine jointly encoded control information for an uplink
subirame. The transmitter 1002 1s configured to have the
capability to send the jointly encoded control information, to
support communication with a terminal. The base station
100 may further include a memory 1003, where the memory
1003 1s configured to couple to the processor and store a
program instruction and data that are necessary for the base
station 100.
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It should be noted that the base station 100 1in this
embodiment of the present invention may be configured to
implement all functions of the base station 1n the foregoing
method embodiment. For a specific implementation process,
refer to related descriptions of the foregoing method
embodiment. Details are not described herein again.

Based on the control mnformation processing method
provided 1n the foregoing embodiment, an embodiment of
the present invention further provides a terminal. FIG. 8 1s
a schematic structural diagram of a terminal according to an
embodiment of the present invention. In FIG. 8, a terminal
200 1ncludes a recerving unit 201, a processing unit 202, and

a sending unit 203.

The recerving unit 201 1s configured to receive jointly
encoded control information sent by a base station, where
the jointly encoded control information 1s for an uplink
subirame, and 1s control information obtained by jointly
encoding {irst control information and second control infor-
mation. The processing unit 202 1s configured to perform
clear channel assessment CCA based on the jointly encoded
control information received by the receiving unit 201. The
sending unit 203 1s configured to occupy, after the process-
ing unit 202 finishes the CCA, the uplink subframe to send
a signal.

FIG. 9 1s another schematic structural diagram of a
terminal 200 according to an embodiment of the present
invention. As shown in FIG. 9, the terminal 200 includes a
receiver 2001, a processor 2002, and a transmitter 2003. The
processor 2002 1s configured to support the terminal in
implementing corresponding functions in the foregoing
method. The receiver 2001 1s configured to have the capa-
bility to receive jointly encoded control information sent by
a base station. The transmitter 2003 1s configured to have the
capability to send a signal. The terminal 200 may further
include a memory 2004, where the memory 2004 1s config-
ured to couple to the processor 2002 and store a program
instruction and data that are necessary for the terminal.

It should be noted that the terminal 200 in this embodi-
ment of the present invention may be configured to 1mple-
ment all functions of the terminal i1n the foregoing method
embodiment. For a specific implementation process, refer to
related descriptions of the foregoing method embodiment.
Details are not described herein again.

It should further be noted that the processor in this
embodiment of the present mmvention may be a general-
purpose central processing unit (CPU), a microprocessor, an
application-specific integrated circuit (ASIC), or one or
more integrated circuits for controlling program execution
of the solution of embodiments of the present invention. One
or more memories mcluded in a computer system may be: a
read-only memory (ROM) or an another-type static storage
device that can store static information and instructions; or
a random access memory (RAM) or an another-type
dynamic storage device that can store information and
instructions; or a magnetic disk storage. These memories are
connected to the processor by using a bus.

The recerver and the transmitter may be an apparatus of
a transceiver type, so as to communicate with another device
or communications network, for example, an FEthernet, a
radio access network (RAN), or a wireless local area net-
work (WLAN).

The memory, for example, a RAM, stores an operating,
system and a program used to execute the solution of
embodiments of the present invention. The operating system
1s a program used to control running of another program and
manage a system resource.
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A person of ordinary skill in the art may understand that
all or some of the steps 1n each of the foregoing method of
the embodiments may be implemented by a program
instructing a processor. The foregoing program may be
stored 1n a computer readable storage medium. The storage
medium may be a non-transitory (non-transitory) medium,
such as a random-access memory, a read-only memory, a
flash memory, a hard disk, a solid state drive, a magnetic
tape (magnetic tape), a tloppy disk (tloppy disk), an optical
disc (optical disc), or any combination thereof.
Embodiments of the present invention are described with
reference to tlowcharts and/or block diagrams. It should be
understood that computer program instructions may be used
to implement each process and each block 1n the flowcharts
and the block diagrams and a combination of a process and
a block 1n the flowcharts and the block diagrams. These
computer program instructions may be provided for a gen-
eral-purpose computer, a dedicated computer, an embedded
processor, or a processor ol any other programmable data
processing device to generate a machine, so that the mnstruc-
tions executed by a computer or a processor of any other
programmable data processing device generate an apparatus
for implementing a specific function 1n one or more proce-
dures in the flowcharts or 1n one or more blocks 1n the block
diagrams.
The foregoing descriptions are merely example imple-
mentations of the present invention, but are not intended to
limit the protection scope of the present invention. Any
variation or replacement readily figured out by a person
skilled 1n the art within the technical scope disclosed 1n the
present disclosure shall fall within the protection scope of
the present disclosure. Therefore, the protection scope of the
present disclosure shall be subject to the protection scope of
the claims.
What 1s claimed 1s:
1. A method, comprising:
receiving, by a terminal, jointly encoded control informa-
tion for an uplink subframe from a base station,
wherein the jomntly encoded control information 1s
jomtly encoded first control information and second
control information, the first control information com-
prises a first starting time indicating a starting position
when the uplink subiframe 1s available for the terminal
to start signal transmission, and the second control
information comprises a type of clear channel assess-
ment (CCA) for the uplink subirame; and
in response to the jointly encoded control information,
performing, by the terminal, listen before talk (LBT),
and when the LBT succeeds, sending, by the terminal,
a signal by occupying the uplink subirame; or

in response to the jointly encoded control information,
sending, by the terminal, the signal by occupying the
uplink subirame without performing L BT 1n the uplink
subirame.

2. The method according to claim 1, wherein:

the first control information i1ndicates that a first starting

time 1s the same as a second starting time, wherein the
first starting time indicates a starting position when the
uplink subirame 1s available for the terminal to start
signal transmission, and the second starting time 1s a
starting time of the uplink subirame; and

the second control mformation indicates that a type of

CCA for the uplink subframe 1s a single timeslot-based
CCA.

3. The method according to claim 2, wherein:

sending, by the terminal, the signal by occupying the

uplink subirame without performing L BT 1n the uplink
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subirame comprises: if the terminal occupies a channel
betfore the second starting time, sending, by the termi-
nal, the signal started at the second starting time
without performing BT in the uplink subframe; or
performing, by the terminal, the LBT comprises:
if the terminal does not occupy a channel before the
second starting time, the terminal performs the single
timeslot-based CCA before the second starting time,
and sending, by the terminal, the signal by occupying
the uplink subirame, comprises: sending, by the
terminal, the signal started at the second starting
time.
4. The method according to claim 1, wherein:
the first control information indicates that a first starting
time 1s the same as a second starting time, wherein the
first starting time indicates a starting position when the
uplink subirame 1s available for the terminal to start
signal transmission, and the second starting time 1s a
starting time of the uplink subirame; and

the second control information indicates that a type of
CCA for the uplink subframe 1s random backofl-based

CCA.
5. The method according to claim 4, wherein:
sending, by the terminal, the signal by occupying the
uplink subirame without performing LBT 1n the uplink
subirame comprises: if the terminal occupies a channel
betfore the second starting time, sending, by the termi-
nal, the signal started at the second starting time
without performing LBT in the uplink subframe; or
performing, by the terminal, the LBT comprises:
if the terminal does not occupy a channel before the
second starting time, the terminal performs the ran-
dom backofil-based CCA before the second starting
time, and sending, by the terminal, the signal by
occupying the uplink subirame, comprises: sending,
by the terminal, the signal started at the second
starting time.
6. The method according to claim 1, wherein:
the first control information 1indicates that the first starting
time 1s after a second starting time, wherein an interval
between the first starting time and the second starting
time 1s a third time, and the second starting time 1s a
starting time of the uplink subframe; and
the second control mformation instructs the terminal to
skip performing LBT and to send the signal by occu-
pying the uplink subirame.
7. An apparatus, comprising:
a transmitter; a processor; and
a receiver configured to recerve jointly encoded control
information for an uplink subirame from a base station,
wherein the jointly encoded control information 1s
jointly encoded first control information and second
control information, the first control information com-
prises a first starting time indicating a starting position
when the uplink subirame 1s available for the terminal
to start signal transmission, the second control infor-
mation comprises a type of clear channel assessment
(CCA) for the uplink subirame;
in response to the jointly encoded control information, the
processor controls the receiver to perform listen before
talk (LBT), and when the LBT succeeds, the transmitter
1s configured to send a signal by occupying the uplink
subiframe; or
in response to the jointly encoded control information, the
transmuitter 1s configured to send the signal by occupy-
ing the uplink subirame without performing L BT 1n the
uplink subirame.
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8. The apparatus according to claim 7, wherein:
the first control information i1ndicates that a first starting
time 1s the same as a second starting time, wherein the
first starting time indicates a starting position when the

32

jomtly encoded control information 1s jointly encoded
first control 1information and second control informa-
tion, wherein the first control information comprises a
first starting time, wherein the first starting time 1ndi-

uplink subframe 1s available for the apparatus to start s cating a starting position when the uplink subframe is
signal tr&tnsmlsfsufln, anl('inlihe ?ffcond stargng time 1s a available for the terminal to start signal transmission,
starting time of the uplink sublrame; an the second control information comprises a type of

the second control mformation indicates that a type of clear channel assessment (CCA) forpthe uplini/(p suh-
CCA for the uplink subframe 1s a single timeslot-based frame: and

0 (le(fja ratus accordine 1o claim 8. wherein: " in response to the joimntly encoded control information,

tﬁe tranfnl?litter being con%gured to s:end the S.ignal by performing liSt?H beforfa talk (LBT), and'when the L.BT
occupying the uplink subirame without performing succeeds, sending a signal by occupying the uplink
LBT 1n the uplink subframe comprises: if the apparatus _ subirame; or . _ _
occupies a channel before the second starting time, 15 11 response to the jomntly encoded control information,

sending, by the transmitter, the signal started at the
second starting time without performing LBT 1n the
uplink subirame; or

the processor controls the receiver to perform LBT, com-
prising: 1i the apparatus does not occupy a channel
betore the second starting time, the processor controls
the receiver to perform the single timeslot-based CCA
before the second starting time, and the transmuitter
being configured to send the signal by occupying the
uplink subframe comprises: sending, by the transmitter,
the signal started at the second starting time.

10. The apparatus according to claim 7, wherein:

the first control information i1ndicates that a first starting
time 1s the same as a second starting time, wherein the
first starting time 1ndicates a starting position when the
uplink subiframe 1s available for the apparatus to start
signal transmission, and the second starting time 1s a
starting time of the uplink subirame; and

the second control mformation indicates that a type of
CCA for the uplink subiframe 1s random backoil-based

CCA.

11. The apparatus according to claim 10, wherein:

the transmitter being configured to send the signal by
occupying the uplink subframe without performing
LBT 1n the uplink subframe comprises: if the apparatus
occupies a channel before the second starting time,
sending, by the transmitter, the signal started at the
second starting time without performing LBT in the
uplink subirame; or

the processor controls the receiver to perform LBT, com-
prising: 1i the apparatus does not occupy a channel
betfore the second starting time, the processor controls
the recerver to perform the random backofl-based CCA
before the second starting time, and the transmuitter
being configured to send the signal by occupying the
uplink subiframe comprises: sending, by the transmitter,
the signal started at the second starting time.

12. The apparatus according to claim 7, wherein:

the first control information indicates that the first starting
time 1s after a second starting time, wherein an interval
between the first starting time and the second starting
time 1s a third time, and the second starting time 1s a
starting time of the uplink subirame; and

the second control information instructs the apparatus to
skip performing LBT and to send the signal by occu-
pying the uplink subirame.

13. A non-transitory computer readable storage medium,
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sending the signal by occupying the uplink subirame
without performing LBT 1n the uplink subirame.
14. The non-transitory computer readable storage medium

according to claim 13, wherein:

the first control information indicates that a first starting
time 1s the same as a second starting time, wherein the
first starting time 1ndicates a starting position when the
uplink subirame 1s available for the processor to facili-
tate signal transmission, and the second starting time 1s
a starting time of the uplink subiframe; and

the second control information indicates that a type of
CCA for the uplink subframe 1s a single timeslot-based

CCA.
15. The non-transitory computer readable storage medium

according to claim 14, wherein:

sending the signal by occupying the uplink subiframe
without performing LBT in the uplink subiframe com-
prises: 1 the compute processor occupies a channel
before the second starting time, sending the signal
started at the second starting time without performing
LBT 1n the uplink subirame; or
performing the LBT comprises:
if the processor does not occupy a channel before the
second starting time, performing the single timeslot-
based CCA before the second starting time, and
sending the signal by occupying the uplink subirame
comprises: sending the signal started at the second
starting time.
16. The non-transitory computer readable storage medium

according to claim 13, wherein:

the first control information indicates that a first starting
time 1s the same as a second starting time, wherein the
first starting time 1ndicates a starting position when the
uplink subframe 1s available for the processor to facili-
tate signal transmission, and the second starting time 1s
a starting time of the uplink subirame; and

the second control information indicates that a type of
CCA for the uplink subframe 1s random backoii-based

CCA.
17. The non-transitory computer readable storage medium

according to claim 16, wherein:

sending the signal by occupying the uplink subframe
without performing LBT in the uplink subirame com-
prises: 1 the compute processor occupies a channel
before the second starting time, sending the signal

started at the second starting time; or

performing the LBT comprises:
if the processor does not occupy a channel betfore the second
starting time, performing the random backofl-based CCA
betore the second starting time, and sending the signal by

comprising computer program codes which when executed
by a computer processor cause the processor to facilitate
performing: 65
receiving jointly encoded control information for an
uplink subirame from a base station, wherein the
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occupying the uplink subtrame comprises: sending the sig-
nal started at the second starting time.
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